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ABSTRACT
Friction ridge skin is only located on the fingers, palms, and soles of feet. These
ridges have been used to make identifications since before the twentieth century. These
methods may be the basis of scientific testimony in court because of the amount of
research that has been conducted in fingerprint identification. Courts uphold these
techniques because of three principles behind fingerprint identification: fingerprints are
unique because no two are the same, they will not change from the time they are formed
in the womb until post-mortem decomposition, and they can be objectively classified
using a general classification system. Little research has been done on the subject of this
study. However, the three principles, which give credibility to fingerprint techniques, also
applies to the palms. An examination and evaluation of palm print patterns and the
pattern areas that appear in the palms is necessary to assist and further the knowledge of
latent print examiners in palm print classification and comparison.
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CHAPTER I
INTRODUCTION
Latent fingerprints are one of the most common types of evidence found at crime
scenes. Anyone can tell you that fingerprints are unique because of the “CSI” effect, but
what most people do not know is why and how they are unique. The “CSI effect” is a
common belief among those in the law enforcement and prosecutorial professions that
forensic science television shows such as CSI: Crime Scene Investigation have shifted the
public’s expectations when it comes to the amount of forensic evidence that they believe
should be present in a case (Roberts, 2017). In these television shows, there always seems
to be fingerprint evidence, and they always seem to be of good enough quality to identify
a suspect. However, in the real world, often only partial latent finger and palm prints are
of good enough quality to be analyzed and used in making identifications. If a partial
print only shows the bottom half of a palm print, being able to identify which area of the
palm and which hand the print is from would help examiners and investigators when
trying to identify a suspect. If the print came from a weapon, knowing which hand is on a
certain side of the weapon can provide investigators with the dominant hand of a suspect
and can be a useful piece of information when looking at a list of suspects.
Friction skin ridges leave an impression when they come in contact with an
object, which is where the term latent fingerprint originates (International Association for
Identification et al., 2011). These impressions are invisible to the naked eye without some
kind of light source. Friction skin ridges through fingerprints have been used to identify
people worldwide for years (International Association for Identification et al., 2011). A
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large amount of research has been completed on latent fingerprints. These previous
studies have caused some researchers to investigate whether one can determine which
hand a latent fingerprint came from based on the rotation of a specific pattern. Singh,
Chattopadhyay, and Garg (2005) reason that this is a valuable tool because, at a crime
scene, latent prints are rarely in sequence and often the crime scene personnel are not
lifting full fingerprints.
There are three types of fingerprint patterns: loops, arches, and whorls. Whorls
are one of the more common types of fingerprint patterns. Thirty-five percent of
fingerprints are whorls (Federal Bureau of Investigation, 1988). Because of the
commonality, studies determining the hand of origin have been conducted on whorl
fingerprint patterns of fingerprints (Singh et al., 2005, Mandrah and Kanwal, 2016,
Nagesh et al., 2012). A whorl is just as it sounds, essentially a pattern that has a centered
starting point and spirals outward. Studies have found that the direction in which a whorl
spirals out can play a vital role in determining which hand the print belongs to (Singh et
al., 2005). If a whorl spirals in a counter clockwise direction, it can be associated with the
right hand, and if it spirals in a clockwise direction, it can be associated with the left hand
(Singh et al., 2005, Mandrah and Kanwal, 2016, Nagesh et al., 2012).
The objective of this project is to take the application of the studies mentioned
above and see if this concept can be applied to the thenar and hypothenar areas of the
palm. The palm is divided into three major areas: the interdigital, thenar, and hypothenar
areas (Ron Smith and Associates, 2002). The interdigital area of the palm is essentially
the area right below the pointer, middle, ring, and little fingers (Ron Smith and
Associates, 2002). The thenar area is the lower half of the palm surrounding the thumb,
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and the hypothenar area is the lower half of the palm surrounding the little finger (Ron
Smith and Associates, 2002). The goals of this project are to:
1.

Separate known hand print cards into right hand and left hand.

2.

Observe the three main areas of the palm and note any pattern
formations that make up loops or whorls.

3.

Label the pattern type of any pattern formations that occur in the three
areas.

4.

Separate the prints that have whorl patterns in the thenar and
hypothenar areas and note the type of whorl and the direction of
rotation.

5.

Determine if there is a pattern linking a specific rotation direction to the
right or left hand.

3

CHAPTER II
REVIEW OF LITERATURE
Fingerprint Patterns
There are three types of fingerprint patterns that can make up a person’s
fingerprint profile: loops, arches, and whorls (Federal Bureau of Investigation, 1987). A
loop is defined as the pattern where one or more ridges enter a side, recurve, touch or
pass an imaginary line between the delta and the core and tend to pass out of the same
side that the ridges entered (Figure 2.1a; Federal Bureau of Investigation, 1987). Loops
are the most common pattern type with 60% of all patterns being loops (Federal Bureau
of Investigation, 1988). An arch is the least common type of pattern at 5% of all patterns
containing arches. An arch is defined as a pattern where ridges enter on one side, make a
wave like pattern, form an angle or up thrust pattern, and then flow out of the opposite
side (Figure 2.1b; Federal Bureau of Investigation, 1987). The last pattern type is a whorl.
The Federal Bureau of Investigation defines a whorl as a pattern type that can be spiral,
oval, circular, or any variation of a circle and contains two deltas and a recurve in front of
each (1987).
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Figure 1. a. Loop and b. Arch (Federal Bureau of Investigation, 1987).
________________________________________________________________________
There are four different kinds of whorl patterns (Federal Bureau of Investigation,
1987). All whorls have at least two deltas with a recurve in front of each delta. The shape
and flow of the actual pattern is the differential characteristic. The plain whorl contains
one or more ridges that make a complete circuit, and if a line is drawn connecting the
deltas, it must touch at least one recurving ridge (Figure 2.2a; Federal Bureau of
Investigation, 1987). The central pocket loop whorl has at least one recurving ridge, and
when a line is drawn between the deltas, no recurving ridge is touched (Figure 2.2b;
Federal Bureau of Investigation, 1987). A double loop whorl is two separate loop
formations with two separate sets of shoulders. A double loop contains two of the three
requirements for a loop because a ridge count is not necessary (Figure 2.2c; Federal
Bureau of Investigation, 1987). An accidental whorl is made up of a combination of two
different pattern types except for a plain arch. It should have two or more deltas and
should conform to some but not all of the requirements for two or more different patterns.
(Figure 2.2d; Federal Bureau of Investigation, 1987).
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Figure 2. a. Plain, b. Central Pocket Loop, c. Double Loop, and d. Accidental
Whorls (Federal Bureau of Investigation, 1987).
________________________________________________________________________
Anatomy of Friction Ridge Skin
The skin is composed of two layers, the epidermis and dermis, that function
together and provide a wide variety of services to the human body (Maceo, 2011). The
dermis layer of skin serves two purposes: providing protection to the inner body and
supplying the outer layer of friction skin with nutrients (Ashbaugh, 1999). There are two
types of skin on the human body, volar skin and smooth skin (Ashbaugh, 1999). Both
skin types have sweat glands, but smooth skin also has hair and sebaceous glands. The
sweat glands on volar skin are larger than other areas of the skin (Freinkel and Woodley,
2001). Volar skin contains friction skin ridges, which are found on the palm side of a
person’s hand and the soles of feet (International Association for Identification et al.,
2011). Volar skin surfaces contain ridges that flow endlessly and are tasked with
increasing resistance between the skin and surfaces; this is where the term friction ridges
originate (Ashbaugh, 1999). Furrows separate the ridges of skin. The pattern that ridges
take is random (Field, 1959). They may diverge, start, stop, twist, turn, narrow, and
thicken at any point along their path (McRoberts, 2005).

6

Growth and Development of Friction Ridge Skin
Friction ridge skin is unique because of the features that remain unchanged from
the time they are developed as a fetus until decomposition begins after death. The growth
of the friction ridge skin is the foundation for its uniqueness. The origin is found in
morphology and skin’s uniqueness can be traced back to embryology and early fetal
development. Friction ridges develop in various time frames that are measured in weeks
once the hand is formed, which occurs about the eighth week post-fertilization.
According to Ashbaugh (1999), the epidermal layer of skin begins to form around the
first week and is only one cell layer thick. Through out embryonic development, the
epidermis forms multiple layers for protection. The basal layers divide and begin to push
old cells up to the surface; this journey can take up to a month (Ashbaugh, 1999). Until
the fifth or sixth week the hand appears as a flat structure with small protrusions. These
protrusions become fingers, typically during the sixth through the eighth week when the
hand looks similar to that of an infant (International Association for Identification et al.,
2011).
The epidermal ridges develop after volar pad formation occurs. Volar pads are
swollen tissue under the epidermis on the palmar surface of the hands and soles of feet
(Babler, 1987). Volar pads are the sites where initial ridge formation occurs. These pads
begin to form around the sixth week and continue to develop and begin to regress at week
nine typically through week sixteen (Babler, 1991). The term regression means that the
growth of these pads slows down and begins to return to a less developed state. Volar
pads are important for growth, configuration, and pattern formation of friction ridge skin
(Babler, 1987). Volar pads start forming as the deepest epidermal layer (basal) of cells
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divides rapidly, adding thickness to the skin (Ashbaugh, 1999). The volar pads begin to
appear in the palms around week six. The volar pads on the fingers follow starting with
the thumb and progressing to the little finger during the seventh and eighth weeks of
development (Ashbaugh, 1999).
The regression of volar pads corresponds to the formation of epidermal ridges
around ten or eleven weeks. The epidermal ridges initially appear as cell growth
(proliferations) in the basal layer (Babler, 1991). These proliferations form primary
ridges that join together and create the first visible ridge structure at the epidermal-dermal
junction (Ashbaugh, 1999). Primary ridges proliferate rapidly in order to keep up with the
growing separation of adjacent ridges because of the growth of the hand. This
proliferation produces the minutia, which is any ridge endings, bifurcations, dots, or
breaks in ridges that can act as identifying markers for that specific fingerprint (Babler,
1991). During the primary ridge growth, the fingers expand causing new primary ridges
to form. These new formations cause the old ridges to expand and separate causing the
minutia in the forms of bifurcations, ridge endings, and short branches (Babler, 1991).
Around fifteen weeks, secondary ridges begin to appear. These ridges are also
proliferations that result in downfolds of the basal epidermal layer. Secondary ridges
form furrows and signal the end of primary ridge formation (Babler, 1991). Secondary
ridges develop and proliferate from week seventeen to week twenty-four until they are in
correspondence with the primary ridges (Babler, 1991). At twenty-four weeks, the
primary and secondary ridges become visible as fingerprints and the fetus’s epidermal
ridge system appears the same as adult morphology (Babler, 1991).
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The volar pad determines what pattern will appear once friction ridge skin
develops (Hale, 1952). According to Cummins (1929), the tension and pressure created
by virtue of the volar pads determine the shape of friction ridge skin and, therefore, result
in determination of pattern type. This means that high volar pads that have a centralized
location are likely to form a whorl. A flat volar pad is more likely to form an arch and a
volar pad of medium height, a loop (Cummins, 1929). A difference in the timing that
friction ridge skin develops with the volar pad regression plays an important role when
determining the overall pattern type. For example, a whorl forms if friction ridge skin is
centralized and has a high volar pad regression. If friction ridge skin was to develop after
a high volar pad regression had taken place, the pattern type may change from a whorl to
an arch (Cummins, 1929).
Friction Ridge Flow of the Palm
This study requires a complete understanding of the friction ridge flow of the
palm. The palm surface of the hand is divided into three areas: the thenar, hypothenar,
and interdigital areas (Figure 2.3; Ron Smith and Associates, 2002). The interdigital area
is the area found directly below the fingers, spanning from the index finger to the little
finger. The bottom half of the palm consists of the thenar and hypothenar areas. The
thenar area is associated with the radial (thumb) side of the palm and the hypothenar is
associated with the ulnar (little finger) side of the palm (Figure 2.3; Ron Smith and
Associates, 2002).
The interdigital area of the palm has a large amount of ridge flow (Figure 2.4).
This area follows a primary pattern flow that starts at the bottom of the index and middle
fingers and flows across the top section of the hand with a mounded area of ridges at the
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bottom of the little finger before it exits on the ulnar side of the palm (Ron Smith and
Associates, 2002). This “falling” characteristic is termed “waterfall” left/right (Ron Smith
and Associates, 2002).

Figure 3. Outline of the Interdigital, Thenar, and HypoThenar areas of the right
hand. (Ron Smith and Associates, 2002).
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Figure 4. Outline of the waterfall displayed in the left and right hands (Ron Smith
and Associates, 2002).
________________________________________________________________________
The interdigital area of the palm is characterized by the number of deltas present.
There are commonly four deltas, one associated with every finger. The delta associated
with the index finger is called the “clean delta” and is found beneath the ridge flow of the
third joint of the index finger (Figure 2.5). It often contains the cleanest, visible ridges
found on the palm (Ron Smith and Associates, 2002). The clean delta is the only part of
the interdigital area ridge flow that leaves the interdigital area. It flows down through the
funnel area and becomes a part of the down and out of the hypothenar (Ron Smith and
Associates, 2002). The delta that is found under the third joint of the middle finger is
termed the “snow cone delta” because of the snow-cone appearance formed by the ridges
(Ron Smith and Associates, 2002). These ridges form angles that are not evenly spaced
having one angle that is more acute and opening toward the middle finger. The delta
formation that is located under the ring finger is similar to the middle finger and has all of
the same features (Ron Smith and Associates, 2002). If the deltas under the middle and
ring finger both form a snow cone right/left, it is then termed a double snow cone
right/left. The fourth delta formation that is associated with the little finger is called the
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“side cone” (Ron Smith and Associates, 2002). This delta is not found under the joint like
the others, but is most commonly found in the area of space under the ring finger and
little finger. There is an acute angle that is found opening towards the middle of the hand
rather than up to the finger. This feature helped the delta get its name because it looks
like a snow cone delta that has been turned on its side. While it is most common for the
interdigital area to have four deltas, it is possible to have more or even less (Ron Smith
and Associates, 2002).
The presence of various pattern types is possible within the interdigital area. The
most common pattern type is a loop most often found between the little and ring fingers
or the ring and middle fingers. Some whorls can be found in the interdigital area as well
(Ron Smith and Associates, 2002).
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Figure 5. Outline of the clean delta, double snow cone delta, and the side cone
delta in the left hand (Ron Smith and Associates, 2002).
________________________________________________________________________
As stated previously, the thenar area is associated with the radial side of the palm.
The ridge flow of this area forms a semi-circle formation around the thumb, termed the
“half-moon” (Figure 2.6; Ron Smith and Associates, 2002). The ridges enter the hand
above the thumb and flow down into the thenar area where they curve and exit the bottom
of the hand. This flow is consistent in the thenar area and is one of the largest ridge flow
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signs found on the palm surface of the hand. As the half-moon passes the center of the
thenar area, there is a smaller group of internal ridges whose flow joins and turns down to
exit the hand at the bottom of the thenar area. This formation contains a long side and
short side, long-short, and acts as a clue in determining the correct orientation of the
latent palm print (Ron Smith and Associates, 2002) (Figure 2.6).

Figure 6. Outline of the half-moon shape in the Thenar area on the right hand
(Ron Smith and Associates, 2002).
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Even though the half-moon and the long-short are the most common ridge flow
formations in the thenar area, there are instances where the presence of additional ridge
flow formations occur. The vestige is the most common of these additional formations
(Figure 2.7; Ron Smith and Associates, 2002). The vestige is a group of ridges that go
perpendicular to the flow of ridges around them and is normally located out from the base
of the thumb and usually is no larger than a small coin. Because the vestige is almost
exclusive to the thenar area, it is termed the thenar area clue (Ron Smith and Associates,
2002). The vestige is often found with one or even two looping formations on both the
upper and lower side. These loops are called square nose loops and are different than the
ones found in fingerprint patterns in that they have a squared appearance rather than
round (Ron Smith and Associates, 2002). The smaller, shorter of the two square nose
loops will be on the top of the vestige while the longer square nose loop is found on the
lower half. The widest nose acts as a clue because it is normally on the lower side of the
vestige. It is also possible, however unlikely, for whorl patterns to appear in the thenar
area as well (Ron Smith and Associates, 2002).
The last ridge flow clues of the thenar area are also one of the smallest in the
palmar area of the hand. The “flip area” is located in the web area and is called such
because the ridges appear to flip up as they exit the palm (Figure 2.8; Ron Smith and
Associates, 2002).
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Figure 7. Outline of the Vestige area of the palm (Ron Smith and Associates,
2002).
________________________________________________________________________
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Figure 8. Outline of the flip area as it appears on the left hand (Ron Smith and
Associates, 2002).
________________________________________________________________________
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The hypothenar area of the palm holds many ridge flow clues that can benefit an
examiner when searching for the position of a print from that area of the hand (Figure
2.9; Ron Smith and Associates, 2002). One of the hypothenar area’s important features is
that it contains the largest area of unobstructed ridge flow in the palm. Because of this
large area of ridge flow, pattern types are typically absent in this part of the hypothenar
area. The ridges typically flow in a down and out movement starting from the center of
the hand and exiting the side of the hand. In the top of the hypothenar area, there is a
portion of ridges that converge and appear to make up a “funnel area”. A significant
feature of this funnel area is the way the shoulders of the funnel appear. The shoulder on
the top of the funnel will normally be flatter in comparison to the lower shoulder (Ron
Smith and Associates, 2002).
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Figure 9. Outline of the down and out area and the funnel area as they appear on
the left hand (Ron Smith and Associates, 2002).
________________________________________________________________________
The ridges of the hypothenar area travel to the bottom of the hand where they turn
toward the side of the hand and exit in what is called the “belly out”. This is a distinctive
feature to this area because it turns and exits the side rather than the bottom in a motion
that mimics the belly out flight pattern of small airplanes (Figure 2.10; Ron Smith and
Associates, 2002).
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Figure 10. Outline of the belly out portion of the left hand (Ron Smith and
Associates, 2002).
________________________________________________________________________
In the center of the palm, there is a flow of ridges that travels vertically and forms
a delta formation at the lower portion of these ridges. This vertical, 12 o’clock flow can
help determine the proper orientation of a print (Figure 2.11). This formation is known as
the carpal delta and is often located around the bottom of the palm specifically between
the thenar and hypothenar areas (Ron Smith and Associates, 2002). There is a ridge flow
formation of a small arch that is directly below the carpal delta and is referred to as the
hump. It is possible, yet uncommon, for the carpal delta to shift to the hypothenar area in
what is referred to as a delta shift. A high carpal delta appears when the formation is
found in an elevated position and leaves room for additional clues in the print (Figure
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2.12). The “sharp over smooth” is the combination that is used to describe this feature
because the ridges of the hypothenar area turn down smooth on the lower side of the delta
while the ridges of the upper side turn up in sharp motions (Ron Smith and Associates,
2002).

Figure 11. The carpal delta and hump areas of the palm as they look on the left
hand (Ron Smith and Associates, 2002).
________________________________________________________________________
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Figure 12. The smooth over short appearance with a high carpal delta (Ron Smith
and Associates, 2002).
________________________________________________________________________
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A looping formation is the most common pattern type to find in the hypothenar
area. The outward nose loop is a looping formation where the nose is closer to the outside
of the hand and is associated with either one or two deltas. One delta will be the carpal
delta and, if there is a second delta, it is often found toward the front of the nose close to
the edge of the hand (Ron Smith and Associates, 2002). There is also an inward nose loop
where the nose is facing the inside of the palm. This pattern will typically have two
deltas; one being the carpal delta and the other will be above the nose under the funnel
area. Though the loop is the most common pattern found in this area, double loops,
downward nose loops, and whorls can also be found (Ron Smith and Associates, 2002).
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CHAPTER III
MATERIALS AND METHODS
The purpose of this research was to obtain knowledge on the occurrence of
specific friction ridge skin patterns in the interdigital, thenar, and hypothenar areas of the
palm. Once the friction ridge skin patterns of the palm were analyzed, the specific
patterns were analyzed in order to compare the differences between the right palms and
the left palms. This analysis was utilized to determine if there is any correlation or
commonality in pattern details that can then be used to determine if a latent palm print is
from the right or left palm.
Data Collection
Before analyzing the palm prints, data must be organized. The palm prints used
for this research were previously collected by the Ventura County Sheriff’s Office. The
database of known print cards was obtained by Ron Smith and Associates 20-25 years
ago to be used for research purposes. Any information that could be used to identify a
person is not present on the known palm print cards that were selected from the database
for use.
In an attempt to maintain the integrity of suitable palm prints for this study, the
condition of the palm prints was taken into consideration as a deciding factor on whether
a print would be used. Palm prints with abnormalities or overwhelming damage were
discarded. However, because the prints are ink rolled, it is nearly impossible to gather
200 perfectly rolled prints for both the right and left palms. This was taken into
consideration when the data was analyzed.
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Palm Print Patterns
Research has been conducted on the frequency of patterns such as arches, loops,
and whorls in both fingerprints and in the three areas of the palm prints. But, the use of
ridge details of patterns in the palms to determine hand of origin has not been studied.
This study consists of 200 known right palm prints and 200 known left palm prints
totaling in 400 known palm prints. The data recorded for this study was first entered into
an Excel data spreadsheet in order and labeled as Right/Left Palm, Interdigital Loops,
Thenar Loops, Thenar Whorls, HypoThenar Loops, and HypoThenar Whorls. The pattern
focus in the interdigital area is only loops because whorls were not found in this area in
any of the palm prints. Arches were not included in any of the data because the presence
of arches in the areas of the palm is not pertinent to this study. It is also possible for there
to be more than one of the same pattern type in one area of the palm, but that was also not
included in the data because it is not pertinent to this study.
Once the data was entered into an Excel spreadsheet, the totals were calculated
and entered into a separate spreadsheet. The total amount of Interdigital Loops, Thenar
Loops, Thenar Whorls, HypoThenar Loops, and HypoThenar Whorls found in the palm
cards were recorded in separate tables labeled Right/Left Palm Totals. The number of
palm cards that contained no recognizable patterns was also totaled for the right and left
palms and entered in a data spreadsheet labeled Cards With No Patterns.
Once the data totals were entered into a data spreadsheet, the palm cards with
recorded whorl patterns were pulled and set to the side in stacks of right/left palms. Each
whorl was carefully analyzed, and the following were recorded: which palm (right/left) is
being analyzed, specific palm card number, area of the palm the whorl was found, type of
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whorl pattern found, and direction of rotation. The information was then transferred into
a different data spreadsheet that only recorded the total number of whorls detailing how
many were found in the thenar/hypothenar areas and the specific rotation of the whorls
(clockwise/counter-clockwise) in each area.
Limiting Factors
The amount of time available to complete this study was a limiting factor.
Because there was a time limit of less than a year to complete the study, a smaller amount
of data had to be analyzed than would have been analyzed if there were no deadline. This
factor acted as the umbrella factor for the entire study. Another limiting factor was the
number of whorls found during data analysis. If there had been time to analyze a larger
number of palm prints, it could be assumed that a larger number of whorls would have
been found and analyzed. With the small number of whorls that were found and analyzed,
it is difficult to state that a distinct pattern exists linking a certain rotation of a whorl to
either the right or left hand. Another limiting factor was the fact that whorls of the
interdigital area were not included in the data because, of the palm prints analyzed, no
whorls were found. If there had been a larger data pool, it is possible that interdigital
whorls could have been included in the data, making the study more detailed in its
findings.
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CHATPER IV
RESULTS
As stated in the review of literature, friction ridge patterns are separated into three
overall pattern types: Loops, Arches, and Whorls. All three of the pattern types can be
found in both fingerprints and palm prints. Only loops and whorls were examined in this
study, with the major focus being on the whorl patterns found in the thenar and
hypothenar areas of the palm.
Certain studies referenced state that a latent fingerprint containing a whorl pattern
can be linked to either the right or left hand by the rotation that the whorl travels (Singh
et al., 2005, Mandrah and Kanwal, 2016, Nagesh et al., 2012). A whorl on the right hand
has been linked to having a counter-clock wise direction of travel, and the left hand
whorls typically travel in a clockwise direction (Singh et al., 2005, Mandrah and Kanwal,
2016, Nagesh et al., 2012). This analysis has furthered the knowledge of fingerprint
examination in the law enforcement and forensic science communities. Determining if
any such commonalities may exist in the palms could further the progress of palm print
research and the knowledge of professionals in the field.
Total Patterns in the Palms
The total number of patterns that occurred in the interdigital, thenar, and
hypothenar areas of the palms were calculated. There were 400 palm prints analyzed. Of
the 400 palms analyzed, there were a total of 59 palm prints that did not contain patterns.
Loops and whorls were analyzed in the interdigital area, but no whorls were found.
Whorls and loops were analyzed in the thenar and hypothenar areas.
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Table 1
Total Patterns found in the Interdigital, Thenar, and HypoThenar Areas
Palm Patterns
Interdigital Loops
Thenar Loops
Thenar Whorls
HypoThenar Loops
HypoThenar Whorls

Total
219
57
6
182
27

The total number of palms with interdigital areas containing loops was 219.
The total number of loop patterns found in the thenar area of the palm was 57. The total
number of whorl patterns found in the thenar area of the palm was 6. The total number of
loops found in the hypothenar area was 182, and the total amount of whorls found was
27.
Patterns in the Right Palm
The total number of right hand palm prints analyzed was 200. The interdigital
area was analyzed for loops, and the thenar and hypothenar areas were analyzed for loops
and whorls. In the right palm, there were 32 print cards that did not contain patterns made
up by friction ridges. In the right palm, there was a total of 230 loops and 13 whorls
found throughout the interdigital, thenar, and hypothenar areas.

Table 2
Total Patterns in the Interdigital, Thenar, and HypoThenar Areas - Right Palm
Right Palm Total
Loop
Whorl

Interdigital
135
0

Thenar
17
1
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HypoThenar
78
12

Total
230
13

In the interdigital area, there were 135 total prints that contained a loop pattern in
the right palm. In the thenar area of the palm, loops and whorls were found. This area of
the palm often contains patterns, but not as commonly as the interdigital or hypothenar
areas. In the thenar area, there were 17 total prints that had a loop pattern in the right
palm. There was only one right palm card that contained a whorl pattern in the thenar
area. That palm card containing a whorl was further analyzed.
In the hypothenar area of the palm, loops and whorls were found and analyzed.
Other than the interdigital area, this is the area of the palm that most commonly contains
friction ridge patterns. In the hypothenar area of the right palm, 78 total prints were found
to have a looping formation. There were 12 right palm prints that contained a whorl
pattern in the right hand. These 12 palm cards were further analyzed.
Patterns in the Left Palm
There was a total of 200 left hand palm prints analyzed. Just as was done for the
right hand, only loops were counted in the interdigital area. Both loops and whorls were
counted in the thenar and hypothenar areas. Of the left palm cards, 27 prints did not
contain friction ridge skin that made up any type of patterns. There was a total of 228
loops and 20 whorls found in the left palm print cards.

Table 3
Total Patterns in the Interdigital, Thenar, and HypoThenar Areas - Left Palm
Left Palm Totals
Loop
Whorl

Interdigital
84
0

Thenar
40
5
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HypoThenar
104
15

Total
228
20

In the interdigital area of the palm, there was a total of 84 palm cards with a loop
pattern. Only loops were counted in the interdigital area. In the thenar area, there were 40
palm cards that were counted to contain a looping formation. In this same area, there
were only 5 palm cards counted to contain a whorl formation. These 5 palm cards were
further analyzed.
In the hypothenar area of the left palm, loops and whorls were counted. In the left
hand palm cards, this area contained 104 looping formations. In the hypothenar area of
the left palm, there were 15 palm cards that were counted to contain a whorl formation.
These 15 palm cards were further analyzed.
Whorls Patterns in the Palms
Once the whorl patterns were noted in the right and left palms, the palm cards
containing whorls were put to the side. Once all of the other data was completely
analyzed, these palm cards were reanalyzed to gather the patterns and more details. Traits
such as the specific type of whorl, whether it was found in the thenar or hypothenar area
of the palm, and the direction of rotation of the whorl were documented.

Table 4
Rotation and Area that Whorl Patterns were found in the Right Palms
Right Palm Whorls
Thenar
HypoThenar

Counter Clockwise
0
2

Clockwise
1
10

Total
1
12

In the right palm, there was a total of 13 whorls found. Only one whorl was found
in the thenar area, and the remaining 12 were found in the hypothenar area. The direction
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of travel was documented. The one whorl found in the thenar area traveled in a clockwise
direction of rotation. In the hypothenar area, two of the whorls traveled in a counter
clock-wise direction, while the remaining 10 traveled in a clockwise direction of rotation.
In total, there were two whorls that traveled in a counter clock-wise direction and 11 that
traveled in a clockwise direction for the right palm.

Table 5
Rotation and Area that Whorl Patterns were found in the Left Palms
Left Palm Whorls
Counter Clockwise

Clockwise

Total

Thenar

4

1

5

HypoThenar

14

1

15

In the left palm, there was a total of 20 whorl patterns found in either the thenar or
the hypothenar areas. In the thenar area, there were 5 total whorl patterns found. Only one
of the whorl patterns was documented to travel in a clockwise direction of rotation. The
remaining four whorls found in the thenar area were documented to travel in a counterclockwise direction of rotation. In the hypothenar area, there were 15 total whorl patterns
found. Only one of the whorl patterns was found traveling in a clockwise direction of
rotation. The remaining 14 whorl patterns were documented as having a rotation traveling
in the counter-clockwise direction.
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Table 6
Whorl Pattern Types, Rotation Direction, Area the Pattern is Located
Whorls
Thenar Area
Clockwise
HypoThenar Area
Clockwise
Thenar Area
Counter Clockwise
HypoThenar Area
Counter Clockwise

Plain Whorl

Central Pocket Loop Whorl

Double Loop Whorl

Accidental Whorl

0

1

0

1

6

2

5

0

2

0

1

1

2

1

10

1

When individually analyzing the whorls in the palms, the specific type of whorl,
the area it was found in, and the direction of travel were all documented. In the thenar
area of the palm with a clockwise direction of travel, there was one central pocket loop
whorl and one accidental whorl. In the thenar area with a counter-clockwise direction of
travel, there were two plain whorls, one double loop whorl, and one accidental whorl. In
the hypothenar area of the palm with a clockwise direction of travel, there were 6 plain
whorls, two central pocket loop whorls, and 5 double loop whorls. In the hypothenar area
with a counter-clockwise direction of travel, there were two plain whorls, one central
pocket loop whorl, 10 double loop whorls, and one accidental whorl.
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CHAPTER V
DISCUSSION
Evaluation of Total Patterns in the Palms
In fingerprint classification, loops are the most common pattern that are found
(60%) (Federal Bureau of Investigation, 1988). Loops are found much more frequently
than whorls. This is true in regards to the palms as well. In the interdigital, thenar, and
hypothenar areas of the palm, loop patterns are encountered much more frequently than
whorls. Loop patterns are found more in the interdigital area and can also be in multiple
places throughout the interdigital area. Frequently in the thenar and hypothenar areas,
loops are still the most common pattern found. There are fewer places to find looping
patterns in these areas, even though these areas can also contain more than one loop.
Whorl patterns are present in 35% of fingerprints and palm prints (Federal Bureau
of Investigation, 1988). They are rarely found in the interdigital area, as suggested by the
idea that whorls were not found in the interdigital area of any of the 400 known palm
cards examined in this study. If a whorl is found in a palm print, it allows the examiner to
increase focus to that one area of the palm, because that is where the most unique ridge
detail will be found. The examiner can use the type of whorl and the direction of travel as
a way to determine if the palm came from the right or left palm. If the orientation of the
whorl is not of sufficient quality to determine the palm of origin, the pattern still holds
such uniqueness that it can be used to identify a suspect or victim.
Evaluation of Patterns in the Right and Left Palms
Loop patterns are most commonly found in the interdigital, thenar, and
hypothenar areas of both palms. There is a difference in this study in the number of loops
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found in the three areas of the right and left palms. The interdigital area contained more
loop patterns in the right palm, while the left palm contained more loops in the thenar and
hypothenar areas. Unlike whorls, it cannot be determined if a loop came from the right or
left hand just by looking at the loop formation. It is possible, but the examiner would
have to examine any creases or ridge flow around the outside of the pattern to determine
the area and hand of origin from a loop pattern.
In fingerprints and palm prints, whorls are the least common pattern type in the
interdigital, thenar, and hypothenar areas of the palm that were analyzed in this study.
Having a whorl in the palm increases the ability and efficiency of the examiner. In whorl
patterns, the ridge flow surrounding it is much more indicative of whether a print came
from the right or left hand. However, the direction of a whorl’s rotation could be an
indicator of whether it came from the right or left hand.
Overall Evaluation of Whorl Patterns in the Palms
Whorl patterns are not commonly found in palm prints. When they are found they
are frequently in the thenar and the hypothenar areas and rarely in the interdigital. In this
study, 400 palm cards were analyzed in hopes of finding whorl patterns frequently. This
was not the case. Out of 200 right palm prints, only 13 whorls were located in the right
hand. In the left hand, out of another 200 palm prints, only 20 whorls were found. With
such a small amount of whorl data, it is difficult to efficiently analyze the whorls for any
type of pattern, but it was attempted in hopes that further research will be conducted with
larger data pools.
In fingerprint examination, it is said that a whorl can be used to determine which
hand a latent print came from based on the way the whorl rotates. A whorl that rotates
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counter-clockwise is associated with the right, and rotating clockwise suggests the left
hand. In palm print examination, such an aspect has not been studied. The goal of this
study was to apply this concept to palm prints to see if there was a specific rotation
direction more commonly found related to a certain hand in whorl patterns.
Throughout the analyses of the palm prints, the rotation details about the whorls
were documented. In the right palm whorls, there were 13 whorl patterns analyzed, and
10 of them rotated in a clockwise direction. Only two rotated in a counter-clockwise
direction. In the left palm whorls, there were 20 whorl patterns analyzed, and 18 of them
rotated in a counter-clockwise direction while only two rotated clockwise. Though the
whorl data pool was small, a pattern was established. In the palms, it appears to be the
opposite of what fingerprint research suggests. A clockwise rotation was more apparent
in the right hand while a counter-clockwise rotation was more frequent in the left hand.
Overall Evaluation of Palm Print Classification
To date, palm print research has been scarce compared to research in fingerprint
classification. Being able to analyze the three areas of the palms and note the differences
in the right palms versus the left palms opens the door to further research. As in
fingerprints, loops are the most common pattern in the interdigital, hypothenar, and
thenar areas. Arches were not analyzed in this study because they are only commonly
found in the hypothenar area. Whorls were analyzed because they can be found in all
three areas; however, it is uncommon to find whorls in the interdigital area.
Palm print classification has not been examined extensively. It is the hope that
this study will motivate future research endeavors and generate new ideas. Palm print
classification can be just as important as fingerprint classification and play a vital role in
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the criminal justice and forensic science worlds. The creases in palm prints are location
indicators and examiners could use them as “hints” to become more efficient at
classification and identification. Palm print classification can be a helpful tool when
determining things like hand placement on weapons, or even determining the dominant
hand of a suspect. The creases, the ridge flow, and the uniqueness of the patterns located
in the three areas of the palms can all be used to further develop the field of forensic
science.
In this study, palm prints were divided into right and left hands, and the three
areas of the palm were separately analyzed. Only the two pattern formations, loops and
whorls, which occur more frequently than arches, were included in this study. In future
studies, all three pattern formations could be studied because there could be friction
ridges that surround arches that could be used as clues in classification and identification.
Because the palms are a larger surface area than fingerprints, it is also possible that
deltas, bifurcations, and other ridge details could play larger roles in classification of
palm prints. In palm prints, it is not uncommon for one area of the palm to contain
multiple pattern formations. Further research into multiple patterns in each area of the
palm could prove to increase the knowledge of examiners.
The current study did not take any demographics into account. The palm cards
were supplied from a database and the only variable pertinent to document was the
pattern formations within the three areas of the palm. The name, age, sex, or race was not
present on the palm cards and was not pertinent to this study.
While this study did not contain as many prints as hoped for, lessons were learned
from the analyses of the whorl patterns that were present. The rotation of the whorls in
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the palms seemed to follow the trend opposite of what the research in fingerprints
suggests. Further research is necessary to prove or disprove this pattern trend. Additional
research on this idea would need to focus specifically on a larger supply of palm prints
with whorl patterns. Furthering this aspect of the study could increase the efficiency of
examiners when classifying latent palm prints between right or left hand.

37

References
Ashbaugh D. (1999). Quantitative-qualitative friction ridge analysis: An
introduction to basic and advanced ridgeology. Boca Raton: CRC Press.
Babler, W. (1987). Prenatal development of dermatoglyphic digital patterns:
Associations with epidermal ridge, volar pad, and bone morphology. Collegium
Antropologicum, 11(2), 297-304.
Babler, W. (1991). Embryologic development of epidermal ridges and their
configurations. Birth Defects Original Article Series, 27, 95-112.
Cummins, H. (1929). The topographic history of the volar pads (walking pad,
Tasfballen) in the human embryo. Contrib Embryol, 20, 103-126.
Federal Bureau of Investigation. (1987). Fingerprint Training Manual.
Washington DC: U.S. Department of Justice.
Federal Bureau of Investigation. (1988). The Science of Fingerprints:
Classification and Uses.Washington DC: U.S. Department of Justice.
Field, A. (1959). Fingerprint handbook. Springfield: Thomas.
Freinkel, R.K., Woodley, D.T. (2001). The Biology of Skin; the Parthenon. New
York.
Hale, R. (1952). Morphogenesis of volar skin in the human fetus. American
Journal of Anatomy, 91 (1), 147-180.
International Association for Identification, et al. (2011). The Fingerprint
Sourcebook. Washington DC: U.S. Department of Justice, National Institute of Justice.
Maceo, A. (2011). The Fingerprint Sourcebook: Anatomy and Physiology of
Adult Friction Ridge Skin. Washington DC: Department of Justice.

38

Mandrah K, Kanwal NK. (2016). A Preliminary Study on Assertion of Hand from
Whorl Pattern on Thumb. Journal of Medical Toxicology and Clinical Forensic
Medicine, 1(2), 1-4.
McRoberts, A.L. (2005). Nature never repeats itself. The Print, 12 (5), 1-3.
Nagesh KR, Sahoo P, Ashoka B. (2012). Determination of hand from a
fingerprint. J Punjab Acad Forensic Med Toxicol, 12(2), 82-86.
Roberts, M. (2017, March). CSI Effect. The Balnce. Retrieved from
https://www.thebalance.com/csi-effect-1669447
Ron Smith and Associates. (2002). Palm Print Comparison Techniques. Retrieved
October 2016.
Singh I, Chattopadhyay PK, Garg RK. (2005). Determination of the hand from
single digit fingerprint: a study of whorls. Forensic Science International. 152, 205-208.

39

APPENDIX
FINGERPRINT AUTHORIZATION FORM

From the desk of Kelley Counts, Ron Smith and Associates, Inc.
To whom it may concern,
Ron Smith and Associates, Inc. is a Forensic Consulting, Training, and Forensic
Management Services company headquartered in Collinsville, Mississippi. Our company
is composed of over eighty full-time professional career forensic specialists and support
staff, located throughout the United States and Canada. We have contractual agreements
with additional forensic experts on an “as needed” basis to complement our existing staff
of full time forensic specialists, all of whom are dedicated to providing quality forensic
services around the world. The services we offer includes: forensic evidence training,
forensic consulting, multi-level competency testing and ISO mentoring. Our unique
staffing capabilities have made it possible to respond to “special need” situations in a
manner which would be practically impossible for governmental agencies. Many of the
services offered by RS&A, Inc. were designed to fill this ever-increasing void between
what is being demanded of governmental forensic agencies to accomplish and what they
are actually in a position to do on an everyday basis. We are also positioned in such a
manner that we can respond to forensic needs of the private as well as governmental
sectors.
The palm cards that were provided to Ashton E. Horton were made available to the
University of Southern Mississippi for research purpose only. All personal identifying
information was removed prior to being donated to the university (age, gender, ethnicity,
etc.).
Thank You,

Kelley Counts
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